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First Revision : 


Transient: 
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Step Response of RC circuits 
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Chi: introduction 


Reverse recovery time : 


t rr = t a (Jrom charges') + t b (Jrom semiconductr) 

di 

Irr — t a -j^ -* * ( 1 ) 
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di 
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Thviistors Tvpes 

The most poplar and much used thyristor types are shown in (Fig. 2.28): 

1- Phase controlled thyristor (SCR) 

2- Fast switching thyristor (SCR) 

3- Gate-tum-off thyristor (GTO) 

4- Bidirectional tnode thyristor (TRIAC) 

5- Light activated silicon-controlled rectifier (LASCR) 



Irr — 


di 

2QRR d~t 


1 f T 

Iav = ~ i( J) dt 
1 Jo 




GTO LASCR 

Fig. 2.28 Different Thyristor types symbols 


Protection of SCR from di dt and dv dt 


It is known that the coil current is not suddenly changed, so that] a coil 
is connected in senes, with thyristors to limit the suddenly change of di'dt. 

Also, it is known that the capacitor voltage is not suddenly changed so 
that a series RC' circuitjsnubber circuit J is connected in parallel with thyristors 
to be protected from high dv/dt. 

Fig. 2. 32 illustrated the SCR circuit protected from di'dt and dv/dt. 



| Sel^Commutatioii 

This occurred when the anode current is reduced from the circuit itself under 
the holding current level. 

[^oicKKommut «ition | 

This occurred when the anode current is reduced under the holding current 
level using external effect. There are three methods of forced commutation 
are: 

• Series switch. 

• Parallel switch 

• Applying reversed voltage across thyristor terminal. 


Fig. 2.32 SCR protected circuit from di/dt and dv/dt 




































CH3 : Uncontrolled Rectifiers 


Single phase - three phase 


1- Single Phase half-wave rectifier (R Load) 
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this means that the amount of AC 
component present at the output is 121.14% of the DC component 
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Means from every 1000 VA from source we utilize 286.7 watt 
Q: What are the disadvantages of single-phase half-wave rectifier 
The disadvantages of single-phase half-wave rectifier are: 

1. The rectifier efficiency is very low only 40.53 %. 

2. The ripple factor is very high which means a large value of AC component 
































compared to the DC component in the load voltage. 

3. Low transformer utilization factor, because of DC saturation of the 
transformer secondary. Due to the current flows only on positive half 
cycle, therefore, this unidirectional current saturates the secondary winding 
of the transformer. 


2- Single Phase half-wave rectifier (R-L Load )(without wheeling diode) 
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3- Single Phase half-wave rectifier (R-L Load )(with free wheeling diode) 


For 0 < 6 < n 
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4- Single Phase half-wave rectifier (with Battery Charger) 
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then : circuit efficiency : 
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5- Center-Tapped AC Rectifier 
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For 7i < 0 < 2 tl 
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The advantages of center-tapped rectifier are: 

1. The rectifier efficiency is 81 %, i.e., twice that of half-wave rectifier. 

2. The ripple factor is lower than that of half-wave rectifier. 

3. The transformer utilization factor is greater than that of half-wave rectifier. 

4. The problem of DC saturation in transformer secondary side is minimum, 
because the current flows in the opposite direction with respect to the 
center point of the transformer secondary. 

The disadvantages of center-tapped rectifier are: 

1. An additional center-tapped winding is required in the transformer. 

2. The PIV is twice that of half-wave rectifier, so that it is required diodes 
with breakdown voltage twice that of diode that used in half-wave 
rectifier. 

3. The transformer utilization factor is low because only one-half of the 
secondary winding works at a time. 


6- Single-phase full wave bridge rectifier R load 






















Pia. (3.12.a) Electric circmt 



I or 0 < 8 < 7i 


i, =^L= : -?L S w8 
0 R R 


In = 1 , = 2 . 
1 2 & 


i 3= J 4=° 


Tor n < 0 < 2% 


-v V 
- —=—aa0 


R R 

ij = = 0 


h =I 4 =I 0 


v* = Mv, da = -]v m sia 5 dQ = —[-COS 0 1; ] = -[-cos* + coiO] = 

T 0 /T 0 vT 7T 7T 


r = K± = ^m 
* R ttR 


1 T 1 *v V 

i A — jj] da — i ——— 
Jq 2 sr q J2 xR 


h* 

2 



































r* = i*r* = 


4V, 


x~R 


V 

h TTH r 






72 sm 1 8d6 = ^ 5 , 


72 


v 

j — 

* pwr _ 


4ir 


1 1 j .1 xi- rj - jr t 

I R = J- \i?dd= . — [-4sin- 9 dQ = -i = ^ 

Pc V^U 2 2* * 72 


-.VI = _5L 

'IB® 1 ™! 2J| 


4I ri 
(— ) 

p ' 2 o' O 

%rj=—x 100= ' T _f x 100= -Vx 100= 81% 


F" 

(— ) 
2J? 


7T~ 


IF„ 


1 r 3 


PF= f[i^] 5 -l = ‘_-L_-l = J— -1 =0.4834 

fr* i| [ £i ] Vs 


V A = V A = - v -' =- r ™ sme 


r v 
s=- m * ™ 


V2 +J2R 2 R 


1T T - 

I-rrl 


TUF = ^-—^-=- = 0.8106 

* A * 

1 2 J? 1 


7- Single-phase full wave bridge rectifier R-L load 
































Fig. (3. 16) Full- wave rectifier with R-L Load 
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8- Three-phase full-wave rectifier 



Fig. (3.20) Three-phase bridge rectifier circuit. 
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9- Three-phase full-wave rectifier with commutation 




























Applying KCL at node x yields: 
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dt ds 

Applying KVL for upper closed loop yields: 
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Substitute from (3.12) into (3.13) yields: 
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I Able (3.1) Phase cu neats timing all intervals in th tee-phase full-Tvave bridge rectifier. 

































CH4 : CONTROLLED 


Single phase halfwave controlled (R load) 



Fig. 4.1 Half-wave controlled rectifier with resistive load. 
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Single Phase Half-Wave Controlled rectifier with R-L Load 




Fig. (4.3) half-wave controlled rectifier with R-L load 
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Hie average value of diode current can be calculated as follows: 



Therefore the average output power is: 
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The rms value of diode current can be calculated as follows: 
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The maximum inverse voltage across D: is: 

PIV = maxfvol^ 

Hie VA of rectifier transformer is: 
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Therefore. die transformer utilization factor of half-wave rectifier is: 
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Single-Phase Semiconverter with R -L load without FD 
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Single-Phase Semiconverter with R-L load with FD 







































































Single-Phase Full converter with R-L Load 
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Single-Phase Full converter with Highly inductive Load 
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Single-Phase Dual Converter 




(a) (b) 

Fig. 4.14 Single phase dual converter 


Used in : high power variable speed drives 


^ c i=^k,sm Odd- 


V dc2 =-V-sin Odd 


2V 
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IV 
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Converter 1: RECTIFIER MODE && Converter 2 : INVERTER MODE 


V dcl - ~ V dc2 

2V 2V 

—^-cosor, =-——cos 
n x 

a 2 = 180 ° -«j 

phase difference between conv. 1 and conv 2 = 180 0 

cause ■■ circulating current, limited by L rl & L r2 equal, doesn't flow through the load 


circulating current advantages: 

1. Both converters operate in continuous conduction mode and then independent of the load. 

2. Power flows in either direction, because one converter always operates in rectifier mode 
while the other operates in inverter mode. 
























































3. Since both converters operate in conduction mode, the time response for changing 
quadrants is fast . 

circulating current disadvantages: 

1. To limit the circulating current, a reactor is required and its size and cost are quite 
significant in high power applications. 

2. The losses increased due to circulating, so that the efficiency decreased. 

3. The circulating current increases the thyristors current which means a high rating thyristors 
are required, high cost. 


Note : to remove circulating current by operating one converter at a time while the other 
prevent from operation by removing the firing signal from it. 

CALCULATING CIRCULATING CURRENT 
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Fig. 4.15 Waveforms for single-phase dual converter. 










































Single-Phase Series Semi-converters 

1- Increase control of output voltage 2-increase load voltage 3-improve power factor 
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Mode 1 : a t = 0, a 2 = 0: n V Ac = 0.5 V dm : V Am [ V n > S0%] 



V dc2 - — — (COS Of 2 -I- 1) 
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^dc = Vicl + Vdc2 = 0 + COS Of 2 } 
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And the average output varies as 0.5 V dm < V dc <V dm 
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Mode 2 = a 1 — 0: n ,a 2 — it ( bypass by FWD ) V dc — 0 : 0.5 V dm [ V n < 
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Single-Phase Series full converter 
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V dc\ =-—COS 
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mode 1 : ft! = 0 


as — 0:7T Yjh > 50% 


V n = -( 1 + cosa 2 ) 


^ and F rfc2 = « 2 

71 71 

V dc = Vdel + ^fc2 = - —(} + COS Cf 2 ) 












































mode 2 = = 0: n a 2 — n V# < 50% 
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R — Load 


In this case must a x = a 2 to there be a path for the current 
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Three Phase semiconverter 


Used in 120 kW applications 



Fig. 3.21 Three-phasesemiconvertercircuit 
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Three-Phase Full-Wave Controlled Rectifier 



upper SCR 

7\ —> 30 + cc 
T 3 150 + cc 
T s —> 270 + cc 

Lower SCR 

T 4 —> 90 + cc 
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Mode 1 (a < 60 ) 

Mode 2 ( a > 60 ) 
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7 ig. 2.27 Waveforms of output voltage, output current, and phase currents at 
a = 6Cr for tliree phase full converter with resistive load. 
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Three-Phase Full Converter with Commutation 


p commutation or overlap angle because of source inductance 2 SCRs will conduct 




Fig. (4.31) Reduction in output voltage when conduction transfer horn phase 
c to phase a (or conduction transfer from T 5 to Ti) 
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Reduction area 
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Table (4.?) Ffan:-e currents. dcring alluHgmb in thrgfr-plia!^ full-jmg bridge conixftHgd rectifkr. 





t, 

'4 





d. 



f 


H 


f- 

M 


K 

c-i 


I 


l 



■?■ 


f 

hi 































Power Factor Improvement 

The power factor improvement can be implemented with forced commutation technique. by gate turn 
off thyristors 

methods are: 

1. Extinction angle control method. 

2. Symmetrical angle control method. 

3. Pulse-width modulation method.(PWM) 

4. Sinusoidal pulse-width modulation method.(SPWM) 


4.9.1 Extinction angle control method 


With : Both single phase full converter and semiconverter 5 X : on @9 — 0 off @9 — n — p 

S 3 on @ 6 = n off @9 = 2n — /3 



The fundamental component of secondary side current is leading the secondary side voltage of 
converter transformer so that the input power factor 























































Example 4.12 


A single phase semiconverter is used for extinction angle control. If the load 
current is continues with negligible ripple, determine the input power factor, 
the input harmonic factor and transformer utilization factor. 

Solution: 


Hie waveforms of output voltage and secondary side current are illustrated in 
Fig. 4.39. 
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The angle of fundamental component of input current is: 
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The sign of 4>i is positive which means the power factor j^eadin^ 
The displacement factor is: 


Df= cos^ 
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The rms x'alue of secondare 7 side current is: 
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The harmonic factor of input current is: 
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The transformer utilization factor is: 
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Lead PF : means reactive power will go from circuit to the supply, if there is another lag loads the PF imp 
















































4.9.2 Symmetrical angle control method 

n — B n + B 

51 on @ 6 = —-— off @ 6 = —-— 

3n — B 3n + B 

5 2 on@ 6 - —-— off @ —-— 



Fig. 4,40 Symmetrical angle control circuits 
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Fig. 4.38 Waveforms of extinction angle control circuits 




































































Example 4.13 


A single phase semiconverter is used for symmetrical angle control. If the 
load current is continues with negligible ripple, determine the input power 
factor, the input harmonic factor and transformer utilization factor. 


Solution: 


The wavefomis of output voltage and secondary side current are illustrated in 
Fig. 4.39. 
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The angle of fundamental component of input current is: 


^ = tan' 




The displacement factor is: Df = cos^ □ 
The nns value of secondary side current is: 
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The harmonic factor of input current is: 
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4.9.3 Pulse-width modulation method 


triangle, refrence V r 
square , carrier V c 


WWy^AAAAAAAAAAA/i 
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V g3 
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* -4 


Fia. 4.42 Pulse-width modulation control. 


n 1 a k +5 i 



I » 1 “it 15 * , , 
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= —~ 1 — X [<5* + — 2a t — sin(2of(. + 2*5^^] 
Mv2 k£i 2 * 2 f tJi 


Where: n is the total number of pulses per each of input voltage half cycle, 
ott and oi is the delay angle and width of pulse number k respectively. 


n — x y 

n = possible number of switches 
x : the possible number of switches per leg 
y ■ number of legs ( phases ) of the converter 













































































































































































Example 4.14 


A single phase semiconverter is used for pulse width modulation. If the load 
current is continue^ with neghgible ripple, determine the input power factor, 
the input harmonic factor and transformer utilization factor. 


Sotutiou: 

The waveforms of output voltage and secondary side current is illustrated in 
Fig. 4.39. 

„ | a t +5 t x+a t +<5i __ 

tJl = X — { jl a cosB dd - \I a cosf? dd) 4 0 I 

1 — 1 


= T-{ sin^ dd - f I a mid dd) = Y -4L{-cos0|^ +cosd\*^ 6 *} 

ir =W cl sH-ra, *=1 71 1 " 


■-L 


= X— {cOSff k - COSfffj. + ) + COs(/T H- H- ffjt) - COS(/T + ^)j 

Jfc-=1 'T 


- ■£*{«»«* cosCff^+4)} 

n t=iJT 


t 2 

=V CT i + 

A 2 PH 


= 7T 

jTj 

; -— E {cos - ODS( Of t + S t }} 

ST *-] 


The angle of fundamental component of input current is: 


<Pl = tan 1 — 1= 0 


The displacement factor is: 

Df= cosft fl~| 

The ons value of secondary- side current is: 
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Hie input power factor is: 
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Tbe harmonic factor of input current is: 
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Hie transformer utilization factor is: 
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4.9.4 Sinusoidal Pulse-Width Modulation Method 
To control width of pulse compare it to sin wave 
A c peak of carrier 

m = — =--—-— - modulation index 

A r peak of refrence 

Triangle V r refrence 
sin. V c carrier 



Fig. 4.44 Sinusoidal pulse-width modulation control 

























14. What are the main advantages of series connection of three phase full converter from the load 
and supply sides? 

Supply side : 


1- AC line in primary side is near from pure sinsuidal waveform 

2- Fifth and seventh harmonics are effectively eliminated in the AC side 

3- Reduction in harmonics reduces the cost of harmonic filter 


Load Side 


1- DC voltage ripple is reduced , where sixth and eighth harmonics are eliminated 


Application : High voltage DC link ( HVDCL) 


1- Discuss Briefly a method to improve the PF 


Extinction angle or symmetrical angle control or PWM or SPWM 
i_W>Mextinction angle 






2- Static and dynamic ch/c of thyrisotr and define :delay and rise time 


a) Static ch/c 



b) Dynamic ch/c 



Fig. 2.27 Thyristor Dynamic Characteristics 


The delay time is the time interval required from the gate current of 0.1 of 
its rated value to the anode current reaches to 0.1 of its rated value. 

13 The rise time is the time required to increase the anode current from 0.1 to 
0.9 rated value. 


13 The on time is summation of both delay and rise time. 




























3- Compare - general purpose and fast recover and shottkey 



General Purpose diode 

Fast recovery diode 

Shottkey diode 

Frequency range 

less 1 kHz 



Recovery time 

25 nsec 

Less 5 fisec 

Only tb not di/dt 

Cost 

low 

High ( diffusion 
controlled by platinum 
or gold ) 


Voltage and current 

high 

50 : 3kV 

1A: hunderds A 

Low vdrop (: 100,200V 
more leakage current 
(1 :300 A) 

application 

Rectifier circuit 

Rectifier and inverter 



4- What are the main advantages of series connection of three phase full converter from the 

load and supply sides? 

Supply side : 

4- AC line in primary side is near from pure sinsuidal waveform 

5- Fifth and seventh harmonics are effectively eliminated in the AC side 

6- Reduction in harmonics reduces the cost of harmonic filter 


Load Side 


2- DC voltage ripple is reduced , where sixth and eighth harmonics are eliminated 


Application : High voltage DC link ( HVDCL) 















8 ) 


V m 

^ ( 1 + cos a) = E + IR 
2tt 

^■(1 + cos45) — E 
I = 2*---= 4.466 A 


9) Half wave VS three phase rectifier 


Higher Vdc Value 

less Ripple factor means less ac component in the output as for half wave RF = 1.2114 but for three 

phase rectifier it is 0.0411 

Also better Transformer utilization factor because in halfwave the secondary winding of the 
transformer saturates because of the presence of a unidirectional current as current flows only on the 

positive cycle 


So in sum up the threephase is much better in efficiency as 99.83 % than the half wave 40.5 







